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This j)aper (ocusscs on ilic ct oiioiiiic

dimensions of tropical deforcstaiion,

and the need lor new analytical ap-

proaches to helj) guide elToris lo soi\e

it. C-learly, economics is but one of sev-

eral important perspectives on ihe j)ro-

bleni. Social, political, and institutional

factors, both within and outside the foi -

estry sector, that contiibuie to defores-

tation must also be addressed if lasting
solutions are to be found (2).

II. Underlyino Economic Forces

A fundamental economic problem

I. In iroduction

Tropical deforestation is not only a

major en\ ironmental problem through-
out the Third World, it is a critical de-

\elopment problem as well. Iropica!
forests have declined by nearly half in

this century, and in most coimtries of

Africa, Asia, and Latin America, the net

rate of forest loss is rising (1). The un-

derlying catises of deforestation are

complex, involving economic, social,

political, and institutional factors that

affect forest resource use. Although
these factors vary in importance from
one region to another, the result is the underlies the activities contributing to

same. Potentially renewable forest re- deforestation—the private costs of

sources are being treated as nonrenewa- forest exploitation do not leflect the

ble resources due to harvesting rates costs incurred by society as forests are

that exceed regeneration and planting depleted. 1 his divergence between pri-

rates. Forest resource stocks are being vate and social retiuiis stems from the

depleted, and the environmental bene- inability of markets—due to market fail-

fits of forests diminished or lost. ure or distortion of market incentives—
Deforestation is a growing threat to to provide proper signals to indi\ iduals

Third World development because it af- that would lead to an "optimum" level

fects many areas of economic activity of forest resource use.

and himian welfare. Tropical forests are There are three major sources of

closely linked to many subsistence and this divergence. Fiist, forest exploita-
commercial activities through tfie raw tion can ha\e potentialK large and wide-

materials tfiey provide and the environ- spread ph\sital impacts, such as in-

mental services they perform. Because creased downstream erosion and

sedimentation from Icjss of upland
forests. These impacts, or "exter-

nalities," impose costs that indi\ idual re-

source users do not adec|uately account

foi. Because societ\ bears the costs of

these external impacts, the\ have no ef-

fect on indixidiial beha\ioi. Second, in

most developing countries there is open
access to common property forest lands.

In the absence of property rights undei

open access, individuals ha\e no incen-

of these physical linkages, the forest-de-

pleting activities of individual resource

users can have widespread impacts. As

deforestation progresses, agricultural

productivity declines, energy supplies
are disrupted, even human health is im-

paired. This is adversely affecting tlie

daily lives of nearly two-tfiirds of the

world's population and imposing signif-

icant costs on de\eloping country
economies.

77



78 Tulane Studies in Zoology and Botany Vol. 26

live to regulate their use of forests or to

internalize the costs from externalities.

Third, many countries have policies that

distort market incentives and actually

promote forest depletion. Because of

externalities, open access, and inap-

propriate policy incentives, the

economic (social) costs of forest deple-
tion are significantly understated or ig-

nored.

Physical Linkages and
Externalities.

There are many physical linkages
between tropical forests and human ac-

tivities. Forests provide resources that

are critical to meeting the daily needs of

the rural and urban poor, and are an

important source of raw materials for

small and large-scale industrial uses. By
protecting soil and water resources,

forests help sustain the capacity of the

environment to support agriculture and
other sectors. Deforestation disrupts
these physical linkages and externalities

arise. The problems are familiar, such

as fuelwood scarcity and soil erosion.

What is less recognized, but of great iin-

portance, is the integrative nature of

these problems. Impacts in one sector

can have effects in another. The follow-

ing is an overview of the direct and indi-

rect impacts of deforestation (3).

1. Agricultural impacts.

Deforestation seriously impacts ag-
ricultural production through its effects

on soil and water resources, fuelwood

supplies, and the availability of tree fod-

der. These impacts differ in importance
from one region to another.

Loss of environmental stability. The loss

of forest cover on upland watersheds
and semi-arid and humid lowlands re-

duces environmental stability and leads

to degradation of the soil and water base

for food production. An estimated 160

million hectares of upland watersheds

have been seriously degraded through-
out the developing world. The loss of

upland forest cover has both on-site and
downstream impacts. On-site soil ero-

sion increases, reducing the prochictiv-

ity of the land. Downstream agriculture
is threatened by effects on the water re-

gime. Without the protection of forest

cover, the regulation of stormflows is re-

duced or lost. The interception and

storage of water by the roots and soil

htmius layers, and its release as a sus-

tained fiow of water to streams, is re-

placed by increased peak flows and sur-

face water runoff. This, in turn, leads

to increased soil erosion and sedimenta-

tion of rivers, which can intensify flood-

ing in the lower reaches of rivers and
result in widespread damage to lowland

agricultural areas. The increased down-
stream transport of silt and debris from

degraded uplands does considerable

damage to critical storage reservoirs and

irrigation developments, disrupting
their operation and reducing their use-

ful lifetime. In addition, disruption of

the temporary storage and regulated
flow of water leads to reduced dry sea-

son river flows available for irrigation.

This has significant impacts on areas de-

pendent on irrigated agriculture and is

a constraint to the further spread of ir-

rigation.

Large areas of the humid tropics
have forest soils that are not capable of

supporting continuous cultivation be-

cause of low fertility and poor structure.

These areas would be properly consi-

dered marginal lands. The principal
method of agriculture is shifting cultiva-

tion, in which forest areas are cleared

and the vegetation burned to release

nutrients to the soil. These areas are cul-

tivated for two or three years, or until

the accessible nutrients in the soil are
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used up and crop yields begin to de-

cline, and then are left to recover. As

trees regenerate during the fallow

period, they play a vital role in restoring

nutrient cycles by drawing nutrients to

the surface with their deep roots.

Forest loss, population growth, and

other pressures have forced farmers to

lengthen cropping periods and shorten

fallows in shifting cultivation systems,

allowing insufficient time for forest re-

covery. This breach in the natural cycle

of regeneration leads to land degrada-
tion and a sharp reduction in crop

yields.

In semi-arid and arid lowlands, de-

forestation is having severe impacts on

agriculture. Because of the fragility of

the soil and low and erratic rainfall,

these areas have lower carrying

capacities for people and their livestock

and are particularly sensitive to human
abuse. Wind is the primary agent of ero-

sion. With the loss of tree cover, wind

erosion increases and the moderating
effects of trees on dust storms and sand

dune formation are lost. This leads to a

decrease in soil moisture and greater

crop damage. The loss of trees also re-

duces the effectiveness of rainfall by de-

creasing the amount of water that per-

colates into the ground. Water runoff

increases, erosion accelerates, the water

table is lowered, and springs and wells

dry up. Together with overgrazing and

continuous cropping of marginal land,

this exacerbates the effects on food pro-
duction of periods of low rainfall or

drought.
In its most extreme form, deforesta-

tion leads to desertification—a process
of decline in the biological productivity
of semi-arid and arid lands. Desertifica-

tion is undermining the food-producing

capacity of drylands throughout Africa,

Asia, and Latin America. An estimated

1.3 billion hectares are at least moder-

ately desertifled in ihcsf ihtee regioirs,

and more than 300 million ptopli' li\e

in areas at least moderately or severely
ciesertificd.

Fuelwood scarcity. Increasing scarcity
of fuelwood supj)lies in u|)lan(l hill

areas and semi-arid lowlands signilit-

antly affects food pioduction in twtj

ways. First, as fuelwood becomes scarce

the only readily available alternative for

many families is to burn crop residues

and animal dinig. In small-holder farm-

ing systems, crop residues and dinig are

normally applied to crop fields to help
maintain the producti\ity of the soil.

Their use as fuel robs the soil of badl)
needed organic matter and nutrients

and leads to poor soil structure, lower

retention of available nutrients in the

crop root zone, and reduced protection
from the erosive effect of heavy rainfall.

The failure to maintain soil produc ti\ ily

leads inevitably to declining crop yields.

A second impact of scarcity is the in-

creasing time that must be devoted to

collecting fuelwood. (Withering and

transporting fuelwood increasingK
dominates the dail\ li\cs of millions oi

people in rural areas, particularK
women and children. This shortens the

time available for weeding and tending

crops.
Loss uj trcf fodder. Deforestation

negatively affects agricultural jjioduc-

ti\ity through the loss ol forest lodder

supplies. Iree fodder pla\s an inijx)!-

tant role in tnany farming systems. It

can be a valuable soince of nnilch foi

maintaining the produ(ti\it\ of crop-

lands. In many upland areas forest fod-

der is also an essential source of feed

for draft animals. As supplies dwindle,

draft animal power is reduced. In semi-

arid regions, tree fcidder can account

for a significant portion of the livestock

feed recjuirements of migrant popula-
tions. Deforestation has resulted in
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shortages of animal feed and forced

migration away from degraded areas.

2. E)if'rgy impacts.

Deforestation is affecting the energ\

supplies of both rtiral and inban popu-
lations, subsistence and commercial

users.

Wuud energy. An estimated 1.5 billion

people, or lOVc of the 2 billion people
who rely on wood to meet a major part
of their household energy needs, are

cutting wood faster than it is growing
back. Some 125 million people cannot

find enoutjh wood to meet their needs,

even by overcutting the forests. Thirt\-

four of the coimtries with fuelwood

shortages have no proven oil or gas re-

serves, which, combined with low GNP
per capita and low rates of economic

growth, severely constrains their ability

to switch from traditional biomass fuels

to fossil fuels.

In urban areas, most households

must buy fuelwood oi" charcoal. Prices

have risen sharply in recent years as the

circle of deforestation aroimd cities and

towns widens and ftielwood and char-

coal must be transported over greater
distances. In many areas, between 20

and 40 percent of the cash income of

the average urban household must be

set aside to buy wood or charcoal.

Hydroelectric supply. Hydropower
plays a significant role in the eleclricitv

generation systems of many developing
countries, and is particularly important
in helping to reduce demand for im-

ported oil or coal. Dams and generating
facilities are major capital investments.

In Asia, planned investments in hydro-

power development over the next dec-

ade total nearly $42 billion. As noted

above, the loss of forest cover on upland
watersheds disrtipts the water regime
and leads to increased flooding, soil ero-

sion, and sedimentation of rivers. This

is damaging reservoirs and accelerating
the rate at which they are filling tip with

silt. The economic lifetime of man\
dams is being sharply reduced, and the

supply of badly needed Inclropower is

being disrupted.

3. Industrial forestry impacts.

Industrial wood products such as

sawnwood, plywood, and pulpwood are

a sotnce of essential building materials

and of the paper needed for school-

books, newspapers, packing, and other

uses. In addition, forests supply ntnner-

ous so-called "minor" forest products
that have a wide range of industrial ap-

plications. These include canes and fi-

bers, essential oils, gums, resins, latexes,

waxes, and tannins and dyes. Sustained

development of the Third World im-

plies a steady growth in demand for in-

dustrial forest products as literacy

spreads and the needs for housing,

pajser, and other goods increases.

The depletion of commercial forest

stocks in many developing countries is

having serious economic consequences.
Current levels of forest management
and reforestation fall far short of what
is needed to limit imports and sustain

exports. Small-scale artisinal activities

based on forest resources are affected

as well.

Rising imports and declining exports.

Deforestation is leading to a growing in-

ability of many countries to meet their

domestic needs for industrial forest

products. Imports are increasing shar-

ply, even in stich countries as Nigeria,

Thailand, and Mexico that should be

readily able to supply their own needs.

Nigeria, once a significant exporter of

timber, now imports industrial forest

products at a cost of more than $210
million annually. Overall, developing

country imports rose from about $6 bil-
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lion in the early 197()s to almost $10 bil-

lion in 1983.

Deforestation threatens dexeloping

conntry exports of industrial forest

products, which are an important
source of foreign exchange and rank

fifth overall in non-oil exports. In a

number of countries, notablv Came-
roon, C.abon, Ivory Coast, Malavsia, and
the Philij)pines, current rates of timber

harvesting and insufficient investment

in management and reforestation will

lead to a sharp decline in exports within

10-15 years. By the end of the century,
the '^3 developing coim tries that are

now net exporters of forest pioducts
will be reduced to less than 10, and total

developing country exports of indus-

trial forest products are predicted to

drop from their current level of more
than $7 billion to less than $2 billion.

This will have a significant impact on

employment and income.

S)n(ill-scale artisinal activities. The ex-

tent of artisinal and other small-scale

commercial enterprises based on forest

products has received little study. How-
ever, it is becoming increasingly appar-
ent that activities such as furniture-mak-

ing, handicrafts, and charcoal produc-
tion are a significant souice of employ-
ment and income. In many countries,

this represents one of the most impor-
tant sources of employment after farm-

ing. The costs of deforestation in terms

of its impact on these activities are vastly

understated.

4. Health impacts.

Deforestation is affecting the health

of rural and urban populations in de-

veloping coimtries through its impacts
on nutrition and domestic water supply.

Although impossible to quantify, de-

forestation affects the health sector in

developed countries as well by reducing

the st<H k ot genetic resources of poten-
tial use in j)harmaceuii{ al development.

Nutrition. The effects of fucKvood

scarcity and other imjxicts ofdeforesta-
tion on food production have already
been noted. Fuelwood scarcitv can ha\e
other important effects on nutrition.

With the rising cost of fuelwood and
charcoal in luban centers, and increas-

ing scarcity in rural areas, iii.in\ families

are forced to alter eating patterns to an

extent that impairs their health.

Families may eat less mitritious (juick-

cooking foods. In other cases, the fre-

quency of cooked meals has to be le-

duced, or food is inadec|uatelv cooked

which reduces its digestibility and in-

creases the threat of disease. Deforesta-

tion also affects food supplies through
the loss of foods directly available from
the fc^rest. This is particularly signifi-

cant in areas where forest wildlife ac-

coiuits for a major portion of animal

protein supplies.
Water supplx. Deforestation affects

the quantity and cjualitN of domestic

water supplies. This, in turn, impacts
the health of large numbers of people,

particularly in urban centers. The dis-

tiubance of water regimes from the loss

of forest cover disrupts tiie steady sup-

ply of clean water, leading to shortages
in the face of rising demand and the

threat of disease. Water-borne diseases

remain a major cause of infant mortalit\

in the Third World.

5. Biological iuipoverishinent.

Tropical moist forests harbor an es-

timated 50% of the world's plant and

animal species. This wealth of biological

diversitv is a vast storehouse of genetic

resoiuces. Although less than one per-

cent have been scieened for their poten-
tial usefulness, tropical forest sjiecies

have already made enormous contribu-

tions to agriculture, medicine, and in-
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dustry. For example, wild genetic rela- Open Access

tives of many modern food crops are

found in the tropics. These wild rela- Historically, forest lands in develop-

tives, and genes from other forest ing countries have been primarily a

plants, can be used to genetically im- common-property resource. Resource

prove food crops as a means to increase management systems evolved that effec-

productivity, to increase resistance to tively regulated access to and exploita-

pests and diseases, or to increase their tion of common-property forests,

ability to withstand environmental stres- thereby preventing their depletion. For

ses. In addition, tropical moist forests example, traditional methods of shifting

remain the world's primary source of cultivation within tropical forests, in-

raw materials for pharmaceutical de- volving long fallow periods to allow

velopment. Almost one out of five phar- forest recovery after cultivation and to

maceutical products derives in one way restore productivity, are known to have

or another from tropical moist forest been ecologically sound and sustainable

plants and animals. Among the systems. These traditional systems of

thousands of drugs fo tropical origin common-property resource manage-
are some of the most significant cancer ment have broken down under the corn-

treatments yet developed. bined pressures of internal and external

Tropical species and populations are social, economic, and political forces (4).

highly vulnerable to extinction through Rapid population growth has been

habitat destruction and other distur- an important factor in the breakdown

bances because of their limited and of traditional resource management sys-

often patchy distribution. In addition to tems. Of equal importance in many
the outright extinction of species (or areas, however, have been the effects of

local populations of species), the frag- external political and commercial domi-

mentation of tropical moist forest nation. The social organization of many
habitat into isolated patches can acceler- traditional societies was weakened or

ate species loss (and the loss of genetic destroyed during the colonial era. In

diversity) by disrupting the structure addition, resources that were exploited
and dynamics of these complex ecosys- primarily to meet subsistence needs be-

tems, setting in motion a gradual pro- came "monetized," leading to much
cess of biological impoverishment. more intensive rates of exploitation.

Although difficult to quantify, the The destructive effects of col-

loss of biological diversity through de- onialism have been exacerbated by na-

forestation has significant economic im- tional governments in many countries,

plications. Logic dictates that the 99 per- Throughout the Third World, the own-

cent of tropical forest species that have ership, control, and management of

yet to be studied will yield far greater forests has shifted from local com-

benefits than the 1 percent that have al- munities to national governments. Close

ready been utilized. Several wild and to 80% of forest lands in developing
domesticated food plant varieties have countries are now state owned and

become extinct and many more are seri- under management of government

ously threatened. The continued loss of agencies, primarily forestry depart-

biological diversity will limit oppor- ments (5). However, in most developing
tunities to broaden the genetic base for countries, these agencies are typically of

agriculture, medicine, and industry. recent origin and are relatively weak.
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Planning and regulation of forest con-

servation and de\elopnient programs is

generally inadequate or ineffective.

With the breakdown of traditional

resource management systems and the

constraints to effective forest regulation

by government agencies, forests are

being exploited under open-access or

virtually open-access conditions over

much of their extent. Under open-ac-
cess conditions, there is an absence of

some form of property rights associated

with resoinxe use. This undermines in-

dividual incentives to reduce or regulate

personal consumption of forest re-

sources toward an optimal level of

exploitation and to invest in their long
term productivity, because the benefits

of such action would only accrue to

other resource users. Stated differently,
each individual has an incentive to ig-

nore the social costs of his resource use

for fear that others will capture the ben-

efits of the resource before he can. The
absence of some form of regulated ac-

cess to forests, combined with increasing
resource demand associated with popu-
lation growth and unequal access to ag-
ricultural land and other resources, re-

sults in a rate of aggregate use that ex-

ceeds the rate of forest renewal.

Inappropriate Policy Incp:ntives

Government policies in many de-

veloping countries toward forest exploi-

tation, and toward land use activities

that lead to conversion of forests, have

created virttial open-access situations

and are a driving force behind defores-

tation. Governments are directly or in-

directly subsidizing deforestation

through economic policies
—such as in-

vestment incentives, tax and revenue

systems, credit programs, and govern-
ment pricing

—that lower the net costs

or increase the private profitability of

forestry and competing land use ac-

tivities. These powerful economic incen-

tives induce individual resource users to

unduly favor sliort-term consumption
over long-term management, leading lo

much higher rates of forest exploitation
and conversion than would be the case

without such policies (6).

Forest revenue systems, including
the terms of forest concession agree-
ments through which private timber op-
erations gain access to public forests,

can encourage rapid and wasteful

exploitation in several ways. C>ommer-
cial species in a virgin forest often have

a high value because they are freely pro-
vided by nature. Whatever market value

they have above the costs of harvesting,

transport, and processing, is profit. In

many countries with considerable forest

resources, government forest revenue

systems (royalties, taxes, fees) fail to

adequately capture these profits, creat-

ing strong profit incentives that induce

private investors to exploit all the profit-

able areas they can.

The nature of the charges levied on

forest exploitation can also accelerate

deforestation. Forest charges are often

based on the voknne of limber remoxed

from a stand, rather than the Nolinne of

merchantable timber available, and do

not differentiate between low and high-

valued species. This provides an incen-

tive to selectively remove only the high-
\alued species from a forest stand. Fhis

practice of "high-grading" not onl\ de-

pletes forests of high-valued species, but

results in significant damage to the re-

maining trees in the stand since there is

no incentive to minimize logging dam-

age.
Another problem is the short lime

frame of many forest concession agree-

ments, often less than the time recjuired

foi- a single forest rotation. Fhis under-

mines incentives to sustainabl\ manage
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the forest since the contractor does not

have a stake in its long-term productiv-

ity. This often results in careless logging

practices, faster harvest schedules, and

lack of investment in reforestation or

other management activities. The fact

that government forestiy departments
do not have the means to adequately
monitor forestry operations and en-

force the terms of concession agree-
ments in remote forest areas only adds

to these problems.
Similar forces are at work outside

the forestry sector. Many governments
have instituted policies that accelerate

the conveision of forest lands to other

land uses. For example, some countries

have "you clear it, you own it" policies

whereby farmers can gain pioperty

rights to forest land only bv clearing it.

This promotes expansion of shifting

cultivation by small farmers. These
farmers often gain readv access to

forests by following on the heals of log-

ging operations that have opened up
forest areas.

Countries such as Brazil and In-

donesia have undertaken very large-
scale commercial agricultuie and land

settlenient programs in forest areas that

are supported by massive public sub-

sidies. Multilateral and bilateral de-

velopment assistance agencies have

been major soiuxes of funding for these

programs. In the Indonesia transmigra-
tion program, the cost of resettling

families to sparsely populated forest

areas has risen to $1 ().()()() per house-

hold. These subsidies increase the rela-

tive profitability of other land uses, pro-

viding strong economic incentives that

accelerate the pace of deforestation.

Brazil provides a dramatic example.
Enormous public subsidies have led to

rapid conversion of forest lands to pas-
ture for large-scale cattle ranching oper-
ations. Conversion of forest to pasture

accounted for 72 percent of the defores-

tation detected by Landsat monitoring

up to 1980. Many of these cattle ranches

have pro\en to be uneconomic (in addi-

tion to environmentally destructive) and

after several veras of operation usually

fail, but forest conversion continues be-

cause most of the costs are assumed by
the government through subsidies.

The divergence between private and
social returns due to inappropriate

policies toward forest exploitation and

competing land uses can be very large.

Private resource users reap excessive

profits, often at great expense to society.

The economic incentives that these

policies create lead to lost public reve-

nues, wastage of resources, and exces-

sive public subsidies that do not yield

significant public benefits. But the costs

to society are even greater. The acceler-

ated pace of forest depletion due to

these policies results in externalities that

impose significant additional costs.

III. The Need fc^r Public; Inter-

vention

Externalities, open-access common

property problems, and inappropriate

policies lead to a divergence between

private and social returns from forest

exploitation. This provides strong in-

centives to over-exploit forests, result-

ing in depletion of the forest resource

stock. The inability of the market to re-

solve this divergence means that some
form of public intervention is needed to

provide incentives to change the forest-

depleting behavior of small and large-

scale resource users. This is not meant

to imply that only public sector solutions

are feasible or desirable. It does mean
that government leadership is essential

to creating a policy and investment envi-

ronment that will promote sustainable

patterns of forest land use by both pub-
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lie and private resource users. Similar

efforts by the development assistance

coninumity are needed, which has a crit-

ical role to plav in helping governments
tackle these problems.

Although there is a growing aware-

ness of the urgency of tropical defores-

tation, the response of most developing

country governments and the interna-

tional community falls far short of what

is needed to address the problem. For-

estry and agroforestry remain a rela-

tively low investment priority. Most

countries have forestry budgets that

amount to less than two percent of their

respective annual expenditures within

the agriculture and energy sectors. The
situation is largely the same within the

development assistance agencies.

Why have governments and the de-

velopment assistance community failed

to respond? The reasons are many and

varied, encompassing political, economic,

social, and institutional factors. How-

ever, the inadequate response to date is

due in no small part to a lack of political

awareness of the role of forests in de-

velopment and the economic and social

consequences of forest depletion. Deci-

sion makers are rarely presented with

an integrated overview of forestry issues

and the consequences of forest misman-

agement.
Efforts to address deforestation

have focused largely on remedial meas-

ures through investment projects.

These efforts must be greatly ex-

panded. However, the project approach
alone is inadequate because it does not

address the fundamental causes of de-

forestation. Policies and incentive struc-

tures that influence forest land use and

underlie forest depletion must simul-

taneously be addressed.

This requires changes in the concep-

tual framework and analytical ap-

proaches of development planning. The

lingering view that issues of environ-

mental protection are somehow "exter-

nal" to the development process must
be changed. Sustainable management of

forest resources must be considered es-

sential to achieving long-term develojj-
ment objectives, and should become an

integral component of economic and so-

cial policy and macroeconomic plan-

ning. This requires a clear understand-

ing of the economic costs of deforesta-

tion and the economic benefits of sus-

tainable forest management. An ex-

panded approach to economic analysis
is needed that accounts for the true

costs and benefits of forests and their

use, and that can help guide efforts to

initiate new policies and investment pro-

grams to address the underlying causes

of deforestation.

An Expanded Approach ro

Economic Analysis

Economic analysis plays a central

role in decisions that in large measure

determine, and will continue to deter-

min, the fate of tropical forests. .\11

countries face the basic problem of how

to allocate scarce resomces to a variety

of different uses in order to maximize

the net benefit to society. Economic

analysis can provide a convenient and

consistent method for evaluating alter-

natives by assessing their costs and ben-

efits and reducing them to a common
measure for comparison.

However, the prevailing framework

for economic analysis does not provide

a sound basis for decisions related to

forest resource use, and in fact is an im-

portant factor in their widespread mis-

use. Economic analysis as currently

practiced fails to account for forest

goods and services that do not have a

market price, and generally ignores

extra-market effects both now and in
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the future. As a result, alternatives to

mitigate these costs and the benefits of

protecting and sustainably managing
forests are undervalued.

The objective of an expanded ap-

proach to economic analysis is to pro-

vide decision-makers with as complete a

picture as possible of the social costs and

benefits of forests and their use. The

analysis should provide information re-

levant to the needs of decision-makers

and in a useable form. This requires

practical methodologies for deriving op-

erationally useful measures of the value

of non-market goods and services.

Marginal opportunity cost as an analytic

tool. A practical way to evaluate in

economic terms the social costs of de-

forestation is to apply the concept of

"marginal opportunity cost." The mar-

ginal opportunity cost of resource use is

the cost to society of a marginal reduc-

tion in the stock of a given resource.

Economic theory tells us that this cost

should be equal to the price that indi-

viduals have to pay to utilize the re-

source. A price less than the marginal

opportunity cost will stimulate over-

exploitation.

The marginal opportunity cost of re-

source use has three components
—the

marginal direct cost, the marginal user

cost, and the marginal external cost. The
direct cost is the cost to the user of har-

vesting the resource and is measured by
the value of foregone output or leisure.

The user cost component is the cost to

future users of depleting the resource

stock today. This can be evaluated in

terms of the marginal cost of reestab-

lishing the resource (for example, the

marginal cost of reforestation) or of re-

placing the resource (for example, sub-

stituting kerosene for fuelwood). Exter-

nal costs are the costs imposed on others

due to externality effects of resource

use (as described in Section II above).

In deriving operationally useful

measures of the "true" cost of forest re-

source use, the marginal external cost

component is particularly significant.

To estimate the marginal external cost

of forest depletion, it is necessary to at-

tach market values to non-market goods
and services. This requires breaking
down these goods and services into their

physical characteristics, and relating

changes of these characteristics (due to

the physical effects of deforestation) to

the production process of relevant com-

modities that are actually traded and

have a value expressed as a market

price.

To illustrate, consider the external

effect of deforestation and reduced

fuelwood supply on agricultural pro-

ductivity. As described earlier, house-

holds respond to fuelwood scarcity by

burning animal dung and crop residues

that normally are used to help maintain

soil productivity. The result is a decline

in crop yields.

To calculate the marginal external

cost from dung being used as a fuel in-

stead of as a fertilizer would entail the

following general steps:

(1) Determine fuel equivalent values

for dung and wood;

(2) Determine fertilizer equivalent
values for dung;

(3) Determine the incremental crop

yield response for a unit input of

dung (based on fertilizer re-

sponse curves);

(4) Calculate lost agricultural output
due to the marginal impact of

fuelwood depletion on reduced

fertilizer (dung) application.

The market value of this foregone out-

put represents part of the marginal op-

portunity cost of deforestation.
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Limits to Economic: Analysis

To most effectively use economic

analysis as an aid to decision-making, it

is important to recognize its limitations.

There are circumstances in which even

an expanded approach to economic

analysis can produce incomplete or mis-

leading results.

Lack of biophysical data. To calculate

the marginal opportunityu cost of forest

depletion requires a thorough under-

standing of the complex physical lin-

kages associated with deforestation. The

need to integrate physical and biological

considerations with economic analysis

can present significant measurement

problems. The biophysical data re-

quired for these calculations is often in-

adequate, particularly in developing
countries that have not had the means

for systematic collection of such data.

Related to this is the paucity of know-

ledge of the workings of tropical ecosys-

tems. Another complicating factor is the

often location-specific nature of the im-

pacts of deforestation, making generali-

zations difficult and the need for local

data even greater.

As important as these constraints

can be, they should not prevent at-

tempts to account more fully for the so-

cial costs of deforestation. It is not

necessary to quantify all physical re-

lationships in the analysis. Often, the

appraisal of just one or two extra-mar-

ket effects is sufficient to give a signific-

antly more accurate picture of benefits

and costs. In addition, exact quantifica-

tion is not required, nor are very techni-

cally sophisticated approaches. Of

greater importance is the analytical pro-

cess of taking into account as many re-

levant costs and benefits as possible.

The use of sensitivity analysis to test as-

sumptions can help overcome the un-

certainty associated with limited data.

Irreversible effects and inter-genera-

tional equity issues. An important limita-

tion to economic analysis is the treat-

ment of inter-generational equity issues.

Appraising the welfare effects of forest

depletion on future generations poses

major conceptual problems. Future

benefits and costs must be expressed in

present value terms. This requires the

use of a discount rate, which is based on

the opportunity cost of capital. Because

the opportunity cost of capital is high,

especially in developing countries, dis-

count rates of 10 to 12 percent are com-

monly used in benefit-cost analyses. Dis-

counting at this rate discourages invest-

ments with long-term benefits, while

promoting projects with long-term

costs. As a result, short-term economic

interests are often favored at the ex-

pense of longer-term en\ironmental

concerns. Coping with inter-genera-

tional equity issues is most difficult

where irreversible effects are involved.

There is no clear understanding of how

to appraise the costs of irreversible ef-

fects of deforestation, such as species

extinction, or of how to evaluate the

preferences of future generations. In

such cases the marginal opportunity

cost approach must be supplemented by

other analytical methods and perspec-

tives.

As a general rule, the greater the un-

certainty about future preferences, the

greater the weight that should be given

to preserving future options. Although

of limited use in clarifying future pref-

erences, expanded economic analysis

nevertheless can play an important role

here. A more comprehensive account-

ing of the short-run benefits and costs

of forests and their use should result in

policies and investment decisions that to

a greater extent will preserve options

for future generations.
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IV. Conclusion

Powerful economic factors are a

driving force behind tropical deforesta-

tion. To address these factors requires

changes in the prevailing approach to

investment and policy decisions, which

is based largely on conventional benefit-

cost analysis. An expanded approach to

economic analysis, based on the concept
of marginal opportunity cost, will pro-
vide a more complete picture of the

economic costs of tropical deforestation

and the economic benefits of sustainable

forest management. Although this ap-

proach involves conceptual and estimat-

ing problems, much more can be done

using known techniques than is now

being attempted.
The marginal opportunity cost of

forest depletion has several important

policy and investment implications.

First, marginal opportunity cost can

serve as an economic indicator of forest

resource scarcity. That is, the higher the

marginal opportunity cost of resource

use, the more scarce a resource is rela-

tive to the demand for it. This can pro-
vide policy guidance to decision-makers

and indicate priority areas for invest-

ment. Second, marginal opportunity
cost can reveal the extent to which mar-

ket prices do or do not reflect the social

cost of forest resource tise, and hence

the extent to which markets approach
or diverge from an optimal allocation

of resources in terms of long-term sus-

tainable use. Finally, the most far-reach-

ing implications of an expanded ap-

proach to economic analysis will be in

the realm of multi-sectoral policy and

planning. Evaluating the physical link-

ages between forest resource use and

agriculture, energy, and other sectors

will demonstrate the need for more in-

tegrative, multi-sectoral approaches to

policy-making and investment project

planning. Only through a sustained

commitment to forestry, agriculture,

energy, and related rural development
efforts can current trends in tropical de-

forestation be reversed.

Notes

1 . In this paper, "tropical forests" refers to forests

and trees in the humid and semi-arid/arid

areas of developing countries. Thus, the term

includes forest formations ranging from moist

(or closed) tropical forests to dry (or open)
woodlands.

2. There are important dimensions to the prob-
lem of tropical deforestation beyond purely
utilitarian concerns, such as aesthetic and ethi-

cal issues associated with the destruction of nat-

ural habitats.

3. The review of the direct and indirect impacts
of deforestation is based largely on "Tropical
Forests: A Call for Action, Part I," World Re-

sources Institute, Washington. D.C., 1985.

4. R. Repetto and T. Holmes, "The Role of Pop-
ulation (.rowth in Resource Depletion," Popu-
lation and Development Review, IX, December
1983, 609-632.

5. J. P. Lanly, "Tropical Forest Resources," FAQ
Forestry Paper No. 30, U.N. Food and Agricul-
ture Organization, Rome, 1982.

6. This section is based on R. Repetto, "Creating
Incentives for Sustainable Forest Develop-
ment," World Resources Institute, Washing-
ton, D.C., (forthcoming).




